24 The ability to make profitable decisions in natural foraging contexts may be influenced by an 25 additional requirement of tool-use, due to increased levels of relational complexity and 26 additional work-effort imposed by tool-use, compared with simply choosing between an 27 immediate and delayed food item. We examined the flexibility for making the most profitable 28 decisions in a multi-dimensional tool-use task, involving different apparatuses, tools and 29 rewards of varying quality, in 3-5-year-old children, adult humans and tool-making New 30 Caledonian crows (Corvus moneduloides). We also compared our results to previous studies 31 on habitually tool-making orangutans (Pongo abelii) and non-tool-making Goffin's 32 cockatoos (Cacatua goffiniana). Adult humans, cockatoos and crows, though not children 33 and orangutans, did not select a tool when it was not necessary, which was the more 34 profitable choice in this situation. Adult humans, orangutans and cockatoos, though not crows 35 and children, were able to refrain from selecting non-functional tools. By contrast, the birds, 36 though not primates tested, struggled to attend to multiple variables -where two apparatuses, 37 two tools and two reward qualities were presented simultaneously -without extended 38 experience. These findings indicate: (1) in a similar manner to humans and orangutans, New 39 Caledonian crows and Goffin's cockatoos can flexibly make profitable decisions in some 40 decision-making tool-use tasks, though the birds may struggle when tasks become more 41 complex; (2) children and orangutans may have a bias to use tools in situations where adults 42 and other tool-making species do not.
171 dropped (S1 Fig) . To prevent subjects from inserting the stick into the stone-apparatus to 172 release the platform and get access to the reward, the vertical tube had a 30˚ slant, which 173 made the release of the platform with a stick impossible. For the humans, we used a 'stick-174 apparatus' like (47) with a transparent box with a central opening hole (17x17cm), where the 175 reward sits on a small platform on the slanted plate within the box. For the crows, we used a 176 'stick-apparatus' consisting of a horizontally orientated Perspex tube (10x3cm) that rested on 177 two Perspex pillars (5cm high), which could be operated by a wooden stick to gain access to 178 the reward by raking the reward towards themselves causing it to drop in to the subject's 179 reach (S1a Fig) . Both stick apparatuses were functionally the same, as they required a stick to 180 contact a reward and move it to the left or right. The minor variation in the apparatus 181 structure was due to the testing equipment available in New Caledonia. To prevent the 182 subject from inserting the stone into the stick-apparatus to try to obtain the reward, the 183 entrance hole was too small and narrow on both apparatus types for stone insertion.
184 Therefore, only the stone was functional in the stone-apparatus and only the stick was 185 functional in the stick-apparatus.
186
The crow experiment was run in a similar manner to the Goffin's cockatoo study (47), 187 using the same apparatuses, tools and protocol for training and testing, in order to enable 188 some comparisons of performance in each bird species. However, we made further 189 adaptations to the crow study, by extending the previous study, as detailed below. The human 190 experiments were run as closely as possible to the bird experiments, using the same 191 apparatuses, tools and protocols. Fewer trials were run for the humans than birds due to 192 practical reasons like restrictions on session length and number for the children. The reward 193 types also differed between species and groups. The rewards used for the crows were meat as 194 the most preferred food reward and a piece of apple as the least preferred food reward, 195 following reward preference testing. The crow rewards differed from the cockatoos (nuts), 10 221 drawers were pulled back if the crow either successfully received the reward or made a 222 wrong connection between tool and apparatus. They were never pulled back when the subject 223 was operating the apparatus to avoid disturbing the subject.
224
There were two steps to the training phase. In step 1, the subject had the opportunity to 225 learn tool use, until they could reliably retrieve the reward. The crows received training to 226 drop stones into the stone-apparatus as per previous studies using this apparatus (e.g. (48, 227 49). After each bird had dropped the stone into the tube 20 times without any mistakes, they
228 moved on to the next training step. As the crows were natural tool users, they did not require 229 any pre-training for stick use, though were habituated to the stick-apparatus.
230
In step 2, we checked that the reward quality preferences were viewed as such by the 231 subject in a reward preference test, with 11 sessions of 12 trials each until the subject selected 232 the most preferred reward over the least preferred one in 80% of binary choices. 9 sessions 233 were run prior to testing, one session during testing prior to running the tool selection quality 234 allocation condition, and a final session after all tests were completed. Subjects were 235 presented with similar sized pieces of meat, bread, dog food and apple. Although subjects 236 showed individual preferences between meat, bread and dog food, all subjects consistently 237 selected these items over apple. Hence, meat was selected as the most preferred reward and 238 apple as the least preferred reward for all birds.
240
Testing 241 In the tool selection condition, the subject should select the functional tool from the choice of 242 both tools -one functional and one non-functional to the presented apparatus -to obtain the 243 reward inside the apparatus (Fig. 1, a) . In the motivation condition, the subject should avoid 244 work effort by selecting the immediately available most preferred reward. The choice was 245 between the functional tool and most preferred reward, with the apparatus containing the 246 exact same most preferred reward ( Fig. 1, b ). In the quality allocation condition, the subject 247 should select the functional tool over the immediately available least preferred reward. For 248 each apparatus, the choice was between the functional tool and least preferred reward with 249 the most preferred reward inside the apparatus, or between the tool and most preferred reward 250 with the least preferred reward inside the apparatus (Fig. 1, c) . In the tool functionality 251 condition, subjects should select the tool over the least preferred reward only when the tool 252 was functional. For each apparatus, the choice was between the functional tool and the least 253 preferred reward or the non-functional tool and the least preferred reward, with the most 254 preferred reward inside the apparatus in both cases ( Fig. 1, d ). In the tool selection quality 255 allocation condition, subjects should select the functional tool for the appropriate apparatus 256 that contained the most preferred reward. In this condition, all task components were present, 257 with both tools present, and the most preferred reward either in the stone-apparatus and the 258 least preferred reward in the stick-apparatus, or the other way around ( Fig. 1, e ). 
272
In the apparatus functionality condition, we explored whether crows could choose the 273 correct tool for the correct apparatus, by presenting subjects with both apparatuses and both 274 tools, but only one apparatus was baited with most preferred food, while the other apparatus 275 was empty ( Fig. 1, f ). In the apparatus choice condition, subjects should choose the correct 276 apparatus for the available tool, with both apparatuses presented and baited with most 277 preferred food, though only one tool was present ( Fig. 1, g) . The apparatus functionality and Training 287 We did not use the drawers for the human study to present the choices, but rather presented 288 the choices on the table in front of the subject, in the same way that the choice was presented 289 to the cockatoos. The human training was the same as the crows, except the humans received 290 fewer trials per learning step than the crows. Specifically, in step 1, the human subject was 291 shown how to use the tool and then could try for 1 trial per apparatus. In step 2, the subject 292 could try to use the non-functional tool for up to 10 seconds, before it was replaced with the 293 functional tool, which they could use to obtain the reward in 1 trial per apparatus. In step 3, 294 three reward preference trials were run (1 trial = most vs. less preferred reward, 1 trial = 295 tissue vs most preferred reward, 1 trial = tissue vs less preferred reward) with an additional 13 296 trial run at the end of the test session (most vs. less preferred reward) to confirm that this key 297 preference still held. In step 4, eight trials were run with the apparatus containing a medium 298 preferred reward and the choice between the functional tool and a piece of tissue, or the 299 apparatus containing the piece of tissue and the choice between tool and medium preferred 300 reward.
301
The human experiment also included a verbal command during training -"you can have 302 the immediately available item now or the tool to try to use later". During all trials, if the 303 subject chose the tool over the immediately available item in any trial, they had to wait before 304 they were allowed to use it as the experimenter pulled the apparatus back out of the subject's 305 reach for 5 seconds and then pushed it back into reach and said 'go', whether their choice 306 was correct or incorrect. We included this command in the human experiment during 307 piloting, after we discovered that the children preferred to select the tool in the motivation 308 condition, where the choice was between the functional tool and the immediately available 309 most preferred reward, with the exact same most preferred reward inside the apparatus. We 310 aimed to explore whether this command may incur a small cost of selecting the tool for the 311 humans.
313
Testing 314 The human test procedure was the same as the crow one, other than reducing the trials per 315 condition for the humans (see below).
317 Crows and humans: Test trials
318 For the crows, in tool selection, apparatus functionality and apparatus choice conditions, the 319 crows received a minimum of 2 sessions of 12 trials each until 18 of 24 trials were correct in 320 2 consecutive sessions. In motivation and tool selection quality allocation conditions, the 371 species, however, the individual-level analyses for the crows, using two-tailed Binomial tests, 372 can be found i S1 Table, with crow subject information in S2 378 4, p = <0.001). We found a significant main effect of condition (X 2 = -0.32, df = 1, p = 379 <0.001) on success rate (correct vs. incorrect choice, S3 Table) . The crows generally 380 performed well in the tool selection, motivation and quality allocation conditions, and 381 performed poorly in the tool functionality and tool selection quality allocation conditions 382 (Table 1) . Specifically, in the tool selection condition, when choosing the correct tool for the 383 presented apparatus, the crows chose correctly significantly above chance with both 384 apparatus types combined and the stick-apparatus alone, though not with the stone-apparatus 385 alone (Table 1 ). In the motivation condition and quality allocation condition, the crows chose 386 correctly significantly above chance level with both apparatus types combined, and the stick-387 and stone-apparatus alone (Table 1) . For the motivation condition, the correct choice was the 388 immediately available most preferred reward over the functional tool, with the same most 389 preferred reward inside the apparatus. For the quality allocation condition, the correct choice 390 was the immediately available most preferred reward over the tool when the least preferred 391 reward was inside the apparatus, or the tool over the least preferred reward, when the most 392 preferred reward was inside the apparatus. In the tool functionality condition, when the correct choice was either the least preferred 399 reward over the non-functional tool or the functional tool over the least preferred reward, the 400 crows did not select correctly significantly above chance, either with both apparatus types 401 combined, nor with the stick-or stone-apparatus alone (Table 1 ). In the tool selection quality 402 allocation condition, when all task components were present at once, looking at session 1 and 403 2 only, the crows did not select correctly significantly above chance with both apparatus 404 types combined, nor with each apparatus type alone (Table 1) . In this condition, the most 405 preferred reward was inside one apparatus and the least preferred reward was inside the other 406 apparatus. To select correctly, subjects were required to select the correct tool for the 407 apparatus containing the most preferred reward.
408
After the first two sessions, unlike in the cockatoo study (47), the crows in the present 409 study were given a further two sessions to see whether additional experience would improve 410 performance. In these two further sessions, the crows selected correctly above chance with 411 both apparatus types combined and with the stone-apparatus, but not with the stick-apparatus 412 alone (Table 1) . Following this, again unlike the cockatoos, the crows then received further 413 experience of both apparatuses being presented at once in the apparatus functionality and 414 apparatus choice conditions. In the apparatus functionality condition, where both apparatuses 415 and tools were present but only one apparatus was baited, the crows selected correctly 416 significant above chance with both apparatus types combined and the stone-apparatus alone, 417 though not the stick-apparatus alone. In the apparatus choice condition, where both 418 apparatuses were baited and presented with only one tool, the crows selected correctly 419 significantly above chance (Table 1) . Following these two additional conditions, the crows 420 received four additional sessions of the tool selection quality allocation condition. Across 421 sessions 5-8, the crows selected correctly significantly above chance with both apparatus 422 types combined and singly (Table 1) .
424 Children and adult humans
425 For the child data, the full model differed significantly from the null model (X 2 = 141.8, df = 426 4, p = 0.001). We found a significant main effect of age (X 2 =, 127.5 df = 1, p = 0.001) and a 427 significant interaction effect of age and condition (X 2 = 67.4, df = 1, p = 0.001) on success 428 rate in children (correct vs. incorrect choice; S4 Table ) . Success rate increased with age, and 429 success was significantly poorer in the tool functionality and motivation conditions for all 430 ages, compared with the other conditions. We found the same result whether age is recorded 431 in months or in years (S5 Table) , and if we removed children aged within a 3-month overlap 432 from the sample (S6 Table) .
433
Across all conditions, only the 4 and 5-year old children selected correctly above chance 434 across all trials, while the 3-year olds did not select correctly above chance (Table 2) . Within 435 conditions, the 3-year olds did not select correctly above chance in any condition, except for 436 the tool selection quality allocation condition. The 4-year olds and 5-year olds performed 437 well and comparably to one another, selecting correctly above chance within the tool 438 selection, quality allocation and tool selection quality allocation conditions (Table 2 ). 3 to 5-439 year olds showed a non-significant trend to select incorrectly on the motivation condition -440 i.e. to select the tool even though the reward immediately available and inside the apparatus 441 were exactly the same (both rewards were most preferred). 3 to 5-year olds did not select 442 correctly above chance in the tool functionality condition. In adults, we found that subjects 443 selected the correct choice above chance across all conditions and within each condition 444 separately (Table 2) . Table) . In the quality allocation condition for children, 5-year 457 olds selected correctly significantly above chance in all trials. The 3 and 4-year olds selected 458 correctly significantly above chance when the most preferred reward was inside the apparatus 459 and the correct choice was the tool, but not when the least preferred reward was inside the 460 apparatus, so the correct choice was the immediately available most preferred reward (S7 461 Table) .
462
463 Performance in New Caledonian crows, Goffin's cockatoos, 464 orangutans, children and adult humans 465 We illustrate the performance of young children, adult humans and tool-making New 466 Caledonian crows tested in the present study, with that of tool-making orangutans (5) and
467 non-tool making Goffin's cockatoos (47) tested in previous studies. As there were minor 468 methodological differences between species, and therefore necessary differences in analyses, 469 we make only tentative species comparisons, rather focusing on performance per species as 470 above. We focus on performance across apparatus types (stick-and stone-apparatus) rather 471 than separately, though present the crow and cockatoo comparisons for each apparatus type 472 in S2 Fig and S8 and S9 Tables. We found that adult humans selected correctly above chance 21 474 significantly above chance in the tool selection and quality allocation conditions. Children 475 aged 3-5 and orangutans performed poorly in the motivation condition, while crows and 476 cockatoos performed well. Children aged 3-5 and crows performed poorly in the tool 477 functionality condition, while cockatoos and orangutans performed well. Children aged 3-5
478 and orangutans performed well in the tool selection quality allocation condition, while crows 479 and cockatoos performed poorly in this condition ( 
